Computed tomography (CT) was performed on 34 children with different disorders of complex carbohydrate metabolism and related storage diseases to obtain data on the degree of cerebral involvement. The main findings on CT were cerebral atrophy and hypodensity of the white matter. There was a great variability in these CT findings, even in siblings. Among the patients there were several in whom CT was normal , so a negative study does not exclude one of these disorders. These findings show that CT features such as cerebral atrophy or hypodensity are helpful in the evaluation of these disorders, though a diagnosis cannot be made on the basis of CT alone.
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Patients with inborn errors of metabo li sm have a great va ri ation in phenotype and symptomatology, which often makes d iagnosis difficu lt. Recent computed tomographic (CT) reports have shown in consisten t results with d ifferent CT findings in such patients [1] [2] [3] [4] [5] [6] [7] [8] [9] . To test the diagnostic , differential diagnostic , and prognosti c sign ificance of th e CT finding s, and to obtain data of th e degree of ce rebral involveme nt in metaboli c disorders, we investigated c hildren with disord ers of complex carbohyd rate metabol ism and related storage diseases.
Subjects and Methods
We exam ined 34 c hildren w ith definite inborn errors by CT . Incl ud ed in th e series were 17 cases of mucopolysaccharid osis, two cases of oligosaccharidosis, three of mucolipidosis, nine of sphingolipidosis, and three of neuronal ceroid lipofuscinosis. In patients with defined enzyme defects the diagnoses were establi shed biochem ically. In patients suffering from neuro nal ceroid lipofusci nosis, the diagnoses were verified hi stologi ca ll y.
Clinical Description and Results

Mucopolysaccharidoses
Th e mucopolysaccharidoses are divid ed into six distinct entities and several subtypes based on biochemical, c linical, and genetic aspects [10] . The c linical symptomatology is due to the intralysoso mal storage of glycosaminoglycans caused by the defic iency of a sin gle lysosomal enzyme. Typ ical c linical features are dwarfism, organomegaly, joint con tractures, thickened sk in , skeletal abnormalities, and moderate to severe mental retardation . Th e invo lvemen t of neuronal tissue leads to progressive intell ec tu al damage in most types. Recent investigations have shown a remarkable phenotypic variat ion even in th ose types that result from the same enzyme defect. On the other hand, c li nica ll y indistinguishable phenotypes originate from different enzyme defects, as seen in mucopolysacc haridosis III. Except for mucopolysaccharidosis II , th e mode of inherit ance is autosomal recessive [10-1 2].
Th ere are oth er significa nt d ifferences among th e mu copolysaccharid oses that are obvious on CT [9] . These CT fin dings are partl y (but not in every case) ca used by th e different ages of the patien ts or by different manifestation s of the disease. Dil atation of the ventricl es and of the subarachnoid spaces can occur. These findings become more distinct with in c reasing age. A density decrease of the white matter is possible in types IH , liB , and VI. No disturbance of the blood-brain barri er is present. Therefore, no c irc umscribed enhancemen t after contrast injection is obvious on CT. Watts et al. [9] con firmed a normal blood-brain barrier with the aid of xenon in vestig ations.
Th e va ri ability of CT fin dings in mu copolysaccharid oses was shown in two sisters w ith mucopolysaccharidosis VI ( fig. 1 ). CT findings of other types of mu copolysaccharid osis are represented in fig ures 2 and 3.
Oligosaccharidoses and Muco/ipidoses
Some lysosoma l storage disord ers c linica ll y resembl e th e sphingolipidoses and mucopolysaccharidoses . They form erly we re designated as mucolipidoses [13] . After better understanding of the underlying biochemical defects they have been c lassified as the oli gosaccharidoses (or glycoproteinoses), and as th e mucolipidoses. In oligosaccharid oses one find s an elevated excre ti on of oli gosacchari des in urine and a disturbance of glycoprotein catabolism ; in mucolipidoses the cataboli sm of glycosaminog lycans, glycoprotein s, and glyco lipids is impaired [14] . The c li ni cal picture of oli gosaccharidoses and mucoli pidoses results from th e excessive and progressive intracellular accu mulation of undegraded metabolites. Besides the typi ca l symptoms like org anomegaly, osteodysplasia, and dysmorphism, pati ents show a less or more pronounced mental deterioration . Th e inheritance is autosomal recessive.
Differen t CT changes can also be found in patients with oli gosaccharid oses (mannosidosis , fucosidosis , aspartyl glycosaminuria , siali dosis). In mannosidosis normal CT findings as we ll as dilatation of th e subarachnoid spaces or densit y decrease of the white matter can occur. In fu cosidosis, find in gs of a corti ca l and cerebe ll ar , Abteilung fur Neuroradiologie, Universitats-K li niken, Langenbeckstrasse 1, 0-6500 M ainz, West Germany. Address re print req uests to B . Ludwig . atrophy with hypodense areas have been re ported [6] . CT of patients suffering from aspartylglycosaminuria may be normal. In mu colipidoses, a moderate dilatation of the ventricles and subarachnoid spaces as well as a mild density decrease of the white matter were occasional find ings on CT.
Sphingo/ipidoses
Sphingolipidoses are inborn erro rs of lipid metabolism based on a lysoso mal enzyme defect. In thi s group of disorders th ere is an abnorm al intracellular accumulation of g lycolipids, althoug h the cataboli sm of glycosaminog lycans and glycolipids may be disturbed as we ll. Since glycolipid s are essen ti al in neuronal tissues, most of th e patients develop a neu rodegenerative symptom atology . Other lead ing symptoms are hepatospleno megaly, ophthalmolog ic signs, and skeletal c hanges. Th ere is a g reat c linical vari ability even within th e same type of disorder. Except fo r th e X-linked inherited Fabry disease (g lycolipid lipidosis), th e mode of inheritance is autosomal recessive [15] .
In th e group of sphingoli pidoses, various CT findings are seen in metachromati c leukodystrophy . In this disease the ventricular system and the subarachnoid spaces may be Quite normal , or th ere may be a significant dilatation of the ventricles and a d istin ct symmetri cal density decrease of th e white matter, especially in th e frontal reg ion . Th e CT c hanges are typical but not specific . Contrast en hancement does not occur [4] .
In one of our female patients with metachromatic leukodystrophy, CT was performed at 10 and 15 years of age (fig . 4) . Dil atation of A 8 the ce rebrospinal fluid spaces and an increasing white-matter hypodensity occurred as th e chi ld aged.
In GM 1 -gangliosidosis, dilatation of the ventricles and subarachnoid spaces may be observed ( fig . 5 ) . In GM2-gang li osidosis CT showed an atrophy of the brainstem and cortex , and also a hypodensity of the white matter. CT findings were normal for patients afflicted with Gaucher disease.
Neuronal Ceroid Lipofuscinoses
Neuronal ceroid lipofuscinoses represent a group of neurodegenerative disorders in which four subtypes are differentiated by the age of onset. All patients except those with the adu lt type develop se izures, myoc loni c jerks , dementia, and visual failure . In the infantile types the course is rapidly progressive; in the juvenile and adult type the course is slower. The mode of inheritance is autosomal recessive, although a dominant inheritance is described in some ad ult patients. Th e basic biochemical defect is unknown . Di ag nosis is proven by analysis of electron microscopy of rectal or sural nerve biopsy. Th e lead ing histopath ologic features are accumulation of typical ceroid lipofuscin in neuronal ce lls. The analysis of other tissues such as lymphocytes or fibroblasts seems to be as valid .
CT findings in neuronal ceroid lipofuscinosis vary [5, 8] . The ventricu lar system and th e subarach noid spaces may be normal or dil ated. In general, cerebral atrophy is obvious without any correlation between th e grade and the age of th e process. The wh ite matter has a normal density .
Discussion
CT findings must be considered in li gh t of the c linical conte xt. Th e different CT findin gs overlap considerably, restricting the d iffe rential diagnosis. Th e foll owin g conclusions can be made: (1 ) CT is an important diag nostic procedure in pati ents with suspec ted neurodegenerative diseases; (2) CT may alter th e diag nosti c wo rku p of th ese pati ents, th ough a diag nosis ca nnot be made by CT alone; (3 ) CT follow-up may all ow objec ti ve assessment of prog ression of th e disease; and (4 ) if a definit e bi ochemi cal diag nosis is not possible and a brain bi opsy not avail able, CT may be contributory to th e diag nosis.
